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ABSTRACT 
Tests to determine the qua l i ty o f  f inish o f  
nitrocel lulose and acid catalysed l acquer with and without 
s anding between coatings were conducted on four f ast growing 
speci e s , namely : batai , yamane , acac i a ,  and rubberwood. 
The qual i ty of  fini shes was evaluated in  terms o f  
machining abi l i ty ,  surface performace , surface gloss , adhes ion 
abi l ity , hardnes s ,  and f l exibi l i ty of woodfinish . The testing 
methods were based on The British Standard No . 3 9 6 2 part 6 ,  
1 9 8 0  and Draft o f  Mal aysian Standard part 1 ,  1987 . 
The results indicated that on rubberwood , acaci a, batai 
and yamane nitrocel lulose l acquer had higher glos s and was 
more f l exible than acid catalysed lacquer with and without 
s anding in between coatings . On the other hand , acid 
c at alysed l acquer had greater hardnes s  and higher adhes ion 
abi l i ty than nitrocel lulose lacquer with and without s anding 
in between coat ings for a l l  species . 
I n  general the quality of nitrocel lulose l acquer and aci d  
c atalysed l acquer o n  rubberwood was the highest , fol lowed by 
acaci a, yamane , and batai . Moreover ,  these species have a 
good machining abi l i ty and have a good surface performance , 
and the results showed rubberwood,  acaci a  and yamane to be 
suitable for furniture . 
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I .  I NTROD UCTION 
Because of  its unique properti es , wood i s  suitabl e for 
general uti l i ty purposes such as construction and furni ture . 
Gower ( 19 8 8 )  commented that wood has a timeless  qua l i ty that 
means it always appeals and it readily adapts to sui t  any 
l i fe style .  The diversity of  wood uti l i z ation increases with 
advancement in  the techno logy o f  wood processing .  
Wooden furn i ture wi l l  be with u s  for a l ong t ime , mainly 
due to its many desirabl e characteristics.  No other 
material is l ike wood , which as it grows o l d  in service , has 
its beauty enhanced. It can be finished to a rich warmth 
that can not be matched by any other product ( S im, 1 9 8 3 ; 
Meyers & Richard , 1 9 7 4 ) . 
Wooden furniture soon became a product whi ch not only 
incorporated arti stic values but also was considered to have 
a prestige value.  Especially after the second world war , 
furni ture and furni ture components have entered wor l d  trade 
in l arge volume s .  According t o  Bass i l l i , ( 19 8 9 ) a number o f  
factors are : 
1 .  The increas ing demand created by high l iving standards . 
2 .  A more mobi l e  population l i nked with the migration to 
towns l eading to new l i festyles and the breaking up o f  
the traditional family cul ture in  many western countries . 
3 .  The increase in  local costs o f  raw material s and 
especi al ly of l abour and other production costs . 
2 
4. The change from craft or mechani zed craft production 
methods to real serial production . 
In  addition Ambran , (1985) stated that demand for 
furniture in the mas s consumer market wi l l  depend mainly on 
the state of the economy and di sposable incomes of consumers 
and also on other factors such as the rate of popul ation 
increase and the incidence of marri ages .  
The s e lection of  raw material plays an important rol e . 
The furniture industry can ,  in many instances ,  serve as a 
promoter o f  the commercially l es s  des i rabl e  species , s ince 
they can be used and tested local ly , thus reducing pos s ible 
overseas consumer res i s tance , such as in the case of  
rubberwood . Moreover ,  the pro spects for forest plantations 
appear to be improving rapi dly and smal l quantities of timber 
produced from fast growing species have been marketed 
succes s fu l ly ( Tuan , 1989). Some of  the fast growing species 
that have been p l anted are acacia (Acas i a  mangium) , batai 
( Paraserianthes fal cataria) , rubberwood ( Hevea bras i l i ens i s )  
and yamane ( Gmel ina aborea ) .  These speci es are sui table for 
general uti l i ty purposes (Wong, 197 4). 
The advantages o f  plantation grown timber species are 
numerous . They wi l l  be homogeneous and their properti e s  can 
be contro l led by sel ection , breeding , and even genetic 
engineering . The relatively short rotation o f  the fast 
growing species means that investment s could be economi cal ly 
viable and financ ially pro fi tabl e .  
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Even though these species have high potenti al value for 
general uti l i ty purpose , they are not yet avai lable in any 
quanti ty .  I t  i s  hard to predict how acceptible these species  
may be in  the market . However ,  there i s  a neces s i ty to  
explore the potential o f  plantation spec i e s  for downstream 
processing and added value . Lack of  information on behaviour 
o f  plantation species related to fini shing methods requires 
assessment . 
In thi s project , four fast growing species  were selected 
for s tudi es  on the qual i ty of  fini shes , namely acacia,  
batai rubberwood and yamane . They were treated by surface 
coating with Nitrocel lulose lacquer ( NC lacquer)  and Acid 
catalysed lacquer (AC lacquer ) with and wi thout sanding in 
between coatings . 
The obj ectives o f  thi s  proj ect are a s  follows : 
1 .  To estab l i sh whether ,  by standard preparation o f  t imber 
surfaces and standard application of finishes , the common 
plantation grown timbers are sat i s factory substrates for 
furniture fini shes of the ni troce llulose and acid 
catalysed resin types .  
2 .  To assess the ef fectiveness of  modi fi cations designed to 
improve finish qual i ty ,  where thi s  is found necessary . 
3 .  To recommend appropriate furniture fini shing techniques 
for thes e  plantation speci es . 
A. Wood pinishing 
II. LITERATURE REVIEW 
Wood fini shing i s  the art and science o f  applying 
transparent , semi transparent or opaque surface 
to preserve and accentuate the natural beauty 
( Moredo , 1989). 
coatings 
of wood 
Fini shing the sur face protects i t  against many 
destructive forces - soi l ing , warping and rai sing o f  the 
grain ,  cracking , checking and shrinkage by s eal i ng the 
surface against the entry of moi s ture and humidity. 
Another advantage af forded by a wel l finished wood 
surface l ie s  in the fact that i t  is easier to clean and 
to keep cl ean ( Moredo , 1989; Ahmad ,  1987). 
Borretti (1988) commented that for i ndustrially 
produced furni ture to be succe s ful , i t  must be appeal ing 
in s ty l i ng , must perform we l l  and be competitive in 
price . The finish , more than any other factor,  
influences the sal eabil ity of  furni ture . Furniture 
fini shing is a matter of fashion and always depends on 
the appeal that it wi l l  impart to the product as wel l  as 
protecting the surfac e  ( Bassett , 1989). 
A multiplicity of  fini shing material s i s  currently 
ava i l ab l e  for the surface fini shing of wood , and there i s  
a l s o  a great variety of methods for applying the 
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mater i al s . The materials and methods app l i ed must be 
suited to the wood properties , some woods are porous , 
some are dens e ,  some are soft , some are hard , some are 
l i ght , some are dark . Al l these qual i t i es are important 
in determining the type of finish and degree o f  
workab i l i ty ( Bi strom ,  1 9 7 7 ; Meyers & Richar d ,  1 97 4 ) . 
B. Wood Properti e s  Affecting Finish Per formance 
Tan , ( 19 7 5 ) dan Sal l eh & sim, ( 19 7 9 )  stated that the 
properti e s  o f  wood desi rable in good furniture are 
s Ufficient strength , good machining properti es , suitab l e  
dens i ty ,  dimens ional stabi l i ty and durab i l ity . I n  
addition Borretti ( 1 9 8 8 )  stated that durabi l i ty and 
strength mean that furni ture elements such as surfaces , 
can stand up to normal strains or tough usage as would be 
requi red in  the case of  furniture for pub l i c  places . The 
main factors of  durabi l i ty and strength are rel ated to 
end use requirements and concern the way the furniture i s  
constructed , the type of  j o ints and the choice o f  surface 
coating material , 
appropriate wood 
cons i derations are 
the choice of adhesives , and 
seasoning . Surface durab i l i ty 
o f  prime importance when designing 
i tems such as tables whose surfaces may be marred by 
coffee , water , alcohol , grease ,  heat and scratching . 
Thi s  sugge sts that only Moredo and Gal l agher have 
made co mmment - in fact both are reporting the work o f  
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others . Moredo , ( 19 8 9 ) and Gal l agher ,  ( 19 8 9 ) stated 
that the properties of  wood which have been found to 
affect the performance of app l i ed finishes are moisture 
content , dens ity or speci f i c  gravity , content of 
extractives ,  surface texture and natural defects such as 
knots . 
1. Moisture content 
One of  the most widely accepte d  causes o f  coating 
deterioration i s  related to dimensional changes whi ch are 
associated with the changes in moi s ture content . Swe l l ing 
and shrinkage on drying , create a shearing force that 
greatly a f fects paint behaviour ( Moredo , 1 9 8 9 ) . Woods 
with low shrinkage and movement values are obviously to 
be prefere d .  Tan , ( 1 9 7 5 )  dan Sal l eh & Sim ,  ( 19 7 9 )  stated 
that with proper s easoning , wood l ess  than 10 % moi s ture 
content wi l l  solve most of these probl ems . In addition 
Gal l agher , ( 1 9 8 9 ) reported that for the purposes o f  
furniture manufacture , the generally accepted value i s  
1 2 % . The result o f  research in the UK has shown that 
the moisture content of sol i d  wood and veneer at the time 
of manufacture should be about 1 0  % ( Anon , 1 9 8 9 a ) .  
Tab l e  1 shows shrinkage values for some furniture t imbe rs 
( Gal l agher , 1 9 8 9 ; Lim , 19 8 6 ; Sim 1 9 8 3 ;  Anon , 1 9 8 8 ;  Anon , 
1 9 7 5 ) . 
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Tab l e  1 .  Shrinkage Values for Some Furni ture Timbers 
--------------------------------------------------------
--------------------------------------------------------
Timber 
Light Red Meranti 
Nyatoh 
Yel l ow Meranti 
Rubberwood 
% Shrinkage 
Rad . Tang . 
2 . 0  3 . 0  
3 . 0  4 . 2  
1 . 8  4 . 8  
0 . 9  2 . 7  
-------------------------------------------------------
-------------------------------------------------------
Tab l e  1 shows that there are di fferences in the 
amount of shri nkage in radial and tangential directions . 
The tangential shrinkage i s  higher than the radial 
shrinkage . Thi s  means that there i s  unequal shrinkage o f  
timber during drying , which can l ead t o  many di fficulties 
in usage such as surface cracking . Information o f  
shrinkage values for acaci a ,  batai and yamane are not 
publ i shed yet . 
2. Dens i ty or Spec i f i c  gravi ty 
Moredo , ( 1 9 8 9 ) and Kub l e r ,  ( 19 8 0 )  s tated that 
generally , woods of lower densi ty have a greater paint 
hol ding capac ity than those with higher dens i ty . On the 
other hand , the hardness of the surface and sma l l  s i z e  o f  
wood cavities  of denser species result i n  greater 
penetration of paint o i l . Tan , ( 1 9 7 5 )  and Sal l eh' s im ,  
( 19 7 9 )  reported that wood with dens ity ( oven dry )  o f  
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around 5 0 0  kg/m3 has been proved to be good enough for 
furni ture . 
Tab l e  2 shows the density of  acac i a ,  batai and 
yamane compared with some species which are commonly used 
for furniture manufacture ( Gal l agher , 1 9 8 9 ; s im ,  1 9 8 3 ;  
Lim , 1 9 8 6 ;  Baharudin , 1 9 87 ) . 
Table 2 .  compari son o f  Density o f  acacia , batai and 
yamane to Some Furniture Timbers ( kg/m3 at 
12 % Moi sture Content ) 
---------------------------------------------------------
---------------------------------------------------------
Densi ty ( kg/m3 ) 
Timber Average Range 
Light Red Meranti 7 1 3 5 6 0  - 8 6 5  
Nyatoh 7 3 8  4 0 0  - 1 0 7 5  
Yel l ow Meranti 6 5 5  5 7 5  - 7 3 5  
Rubberwood 6 0 0  5 6 0  - 6 4 0  
Acac i a  4 5 0  4 2 0  - 4 8 3  
Batai 3 3 0  2 3 4  - 4 3 0  
Yamane 3 9 0  
-------------------------------------------------------
-------------------------------------------------------
From t he tabl e  2 can be seen that the dens i ty o f  
acac i a ,  batai and yamane are rel atively l ower than those 
speci es whi ch are the most commonly used for furniture 
manufacture . It may be di fficult to finish these 
spec i e s .  However ,  if the furni ture i s  meant for general 
use , a timber strength comparable to or greater than that 
of l i ght red merant i ,  a l i ght hardwood dens i ty at 
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moi sture content at 15 % would be acceptab l e  for making 
furni ture ( Lim , 19 8 6 ; sim 1 9 8 3) . 
3 .  content o f  e xtracti ve s  
Dombey , ( 19 8 5 )  reported that 5 % t o  3 0  % o f  the dry 
weight o f  wood cons i sts o f  solub l e  chemical extracti ves . 
Even sma l l  amounts of  extractives can greatly affect the 
properti e s  of wood and cause difficulties in fini shing . 
For exampl e  extractives in rosewood ( Dalberqia,  spp) 
which may compri s e  up to 30 % of  weight of  thi s  species , 
can af fect its  finish . Rosin in  pine i s  l i able to 
di f fuse into a thermoplastic fini sh. A s imi l ar condition 
sometimes accurs in western red cedar , which contains 
terpeno l s . Inhibi tion of the drying of polyester f inish 
on teak may occur , due to quinone s interfering with the 
polymeri sation mechanism .  
Extractives also can cau s e  di s colourat ion , 
especial ly the polyphenol s ,  which change to dark coloured 
compounds in the presence of l ight . sometimes ,  the wood 
becomes reddish when certain type s  of  lacquers are used . 
The di sco l ouration tends to occur in patches and makes 
the fini sh i tems look uns ightly . Thi s  type of  
discolouration i s  general ly caused by extractives whi ch 
change colour in the presence o f  aci d  curing l acquers 
( Anon , 1 9 8 9b ) .  
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Dombey , ( 1 9 8 8 )  reported that the group o f  
extractives i nvolved i n  thi s type o f  di sco l ouration are 
col lectively termed l eucoanthocyanins , tannin l ike 
substances , normally colourl ess  or of  very pale colour , 
whi ch in the presence of  strong acids such as sulphuric 
or hydrochloric , change into red or purple forms . 
Table 3 shows the extractives of  acac i a ,  batai and 
yamane compared with some species which are commonly used 
for furni ture manufacture ( Choon & P . T . Bi n ,  1 9 8 2 ; 
Tachi , at aI, 1 9 8 8 ) . 
Tabl e 3 .  Compari son 
Batai and 
Timbers ( % )  
o f  Extractives o f  
Yamane to Some 
Acac i a ,  
Furniture 
---------------------------------------------------------
---------------------------------------------------------
species  Extractives ( % )  
Light Red Merant i 3 . 3  
Nyatoh 4 . 6  
Yellow Merant i 2 . 8  
Rubberwood 2 . 4  
Acac i a  7 . 5  
Batai 4 . 0  
Yamane 5 . 8  
---------------------------------------------------------
---------
---------
---------
---------
---------
---------
---
Table 3 above indicates that extractives o f  acaci a ,  
and yamane are rel atively greater than those o f  l i ght 
red meranti ,  nyatoh , yel l ow meranti and rubberwood whi ch 
are the mos t  commonly used for furniture industry . 
4. Surface Texture 
1 1  
Borretti , ( 1 9 8 8 ) , stated that the texture in terms 
o f  furniture design i s  the arrangement o f  the structure 
o f  any material that affects the appearance or the feel 
of the surface such as the exposed grain o f  wood 
surface .  
The texture o f  wood depends o n  the s i z e  o f  the c e l l s  
and on their arrangement . A wood in whi ch the cel l s  have 
a very smal l diameter i s  said to be fine textured ,  whi l e  
a coarse textured wood has a consi derab l e  percentage o f  
l arge diameter cel l s  ( Dinwoodi e , 1 9 8 1 ;  wangaard , 19 8 1 ) . 
Hardwoods with relatively l arge pores are poorly 
adapted to fini shing . Kubler ( 1 9 8 0 ) reported that rough 
wood with extreme porosity and exposed end grain are 
d i f f i cult to finish . Fine texture wi l l  give a smooth 
surface fini sh. 
c .  F inishi ng Material  
There are various types of  materials ava i l ab l e  as  
surface coat ings to  l end protection to the substrates;  
these are she l l ac , ni trocel lulose , precatalysed and acid 
catalysed l acquers , polyurethane , polyester and UV 
radiation cured lacquers. The furniture i dustries 
commonly use nitrocel lulose and acid catalysed l acquers.  
